Concern for the environment has lately heightened awareness about the need for recycling in the 20 construction industry. However, some standards, such as the Spanish standard, only accept the 21 recycling of aggregates derived from concrete, which limits the extensive use of construction 22 and demolition waste, which are produced in much bigger volumes. The aim of this work was to 23 explore the possibility of using recycled mixed aggregates (RMA) in the preparation of precast 24 non-structural concretes. To that end different percentages of natural aggregate were replaced 25 by RMA in non-structural elements (25, 50, 75 and 100%). Contents of cement, water, and the 26 dosages commonly used by companies were unchanged by the introduction of RMA. The 27 characterization of the prepared elements has been done using the specific tests for each type of 28 M A N U S C R I P T
slipping resistance. The paving blocks, kerbstones, and hollow tiles prepared were tested for 31 360 days. The stability of the tested properties confirmed the possibility of using these wastes 32 on an industrial scale satisfying the standard requirements. 33 M A N U S C R I P T
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Soutsos et al. (Soutsos et al., 2011) showed that it is possible to produce concrete for pavement 112 blocks using concrete and ceramic recycled aggregates with similar mechanical properties to 113 those of natural aggregrate, without any need to increase the amount of cement. Even tough 114 some works replicated the industrial procedure in a laboratory (Soutsos et al., 2011) , no one of 115 these elements were produced at industrial scale, and the properties were measured at a given 116 age (in general 28 days), leaving the uncertainty of the evolution of the behavior of the 117 properties due to the presence of recycled aggregates. 118
There are not many studies on the use of RMA in non-structural vibro-pressed precast concrete 119 influence of recycled coarse and fine fraction, the addition of fine aggregates causes less loss of 125 strength with low substitution percentages. Nevertheless, for higher substitution percentages, the 126 loss of strength is equal . Other authors (Lovato et al., 2012) have found that a 100% recycled 127 fine fraction substitution causes an 18% decrease in resistance. This decrease is lower with a 128 100% coarse fraction substitution (24% decrease) , because of the difficulties of compacting 129 when ceramic coarse aggregates are used. The use of fine fraction is also discussed by other 130 M A N U S C R I P T
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tensile strength in relation to the use of conventional concretes, except in the case of 100% 140 substitution (Etxeberria et al., 2007) , despite the fact that recycled aggregate is usually more 141 fragile than natural aggregate. 142
Because of the lower density of recycled aggregates, concretes made with RMA show lower 143 densities than reference concretes. Recycled concrete absorbs more water, as can be expected 144 from the density data. This property increases more if fine recycled aggregates are added than if 145 the replacement is made by coarse recycled aggregates (Lovato et al., 2012; Sousa et al., 2003) . 146
Slipping resistance of recycled concretes presents contradictory results. Yang et al. found that, 147 using recycled aggregates, mainly concrete waste, the slipping resistance improved with 148 increasing substitution percentage (Yang et al., 2011) . Conversely, Poon and Lam stated that 149 using recycled aggregates from concrete and glass waste did not change the slipping resistance 150 (Poon and Lam, 2008) . 151
The resistance to abrasion decreases with the percentage of substitution by ceramic recycled 152 aggregate (Jankovic et al., 2012) . The use of RMA presents the same tendency: it keeps its 153 values with 20% substitution, and the resistance to abrasion decreases with 40% substitution 154 (Mas et al., 2012b) . Some researchers have observed that ceramic aggregate is harder than the 155 rest (Mas et al., 2012b; Poon and Lam, 2008) . 156
This work is focused on the possibility of using a coarse fraction of RMA in the production of 157 elements made of vibro-pressed precast concrete: kerbstones, pavement blocks, terrazzo and 158 hollow tiles. In order to study how RMA affects the properties of these items, different 159 substitution percentages have been used, testing its influence in terms of resistance, bending 160 strength, water absorption, density, abrasion, and slipping resistance. The results seem to be 161 promising as regards the use of mixed recycled aggregates at industrial scale, since all elements 162 were produced in real industries, with their technology and using the dossages provided and 163 employed by the companies; few works cover this essential way to reuse big amounts of C&D 164
wastes. Also, in this work several properties have been measured up to one year after their 165 preparation. The measurements have been made to check the guaranty that these products have 166 for using according to the Spanish and European mandatory Standards. These results guaranteeM A N U S C R I P T
that changes in properties are not important and they still fulfil the required standards, 168 independent of the age of the prepared element. 169
MATERIALS 170
Two different types of concrete were used, but with similar characteristics. For terrazzo and 171 hollow tiles, CEM II A-LL 42,5 R concrete was used according to the Spanish Standard 172 (AENOR, 2000) . On the other hand, for kerbstones and pavement blocks, a CEM I 42.5 R 173 concrete was used. No additive was used in any unit. 174
As natural aggregate, crushed limestone was used. The aggregates used for terrazzo and hollow 175 tiles were 2/6 mm coarse aggregate and 0/4 mm fine aggregate. For kerbstones and pavement 176 blocks, the coarse aggregate was in the range of 5/12 mm and the fine aggregate in the range of 177 0/4 mm. The natural aggregates were replaced by recycled mixed aggregate (RMA) in different 181 percentages. Fraction 5/12 mm was used in kerbstones and pavement blocks, whereas fraction 182 2/6 mm was used in terrazzo and hollow tiles. Fig. 1 shows the granulometric distribution of 183 both RMA fractions, as well as the amount that replaced natural aggregate. It can be observed 184 that fraction 2/6 mm has a higher content in both coarse particles (4-6 mm) and fine particles as 185 compared with natural aggregate and 5/12 mm recycled aggregates show a lower content ofM A N U S C R I P T A C C E P T E D In addition to the characterisation of fractions 5/12 mm and 2/6 mm, during the year before the 204 tests samples were periodically taken from the Astesa GR waste treatment plant in Cartagena 205 (Spain). The objective was to study the content of certain contaminants (Table 3) the main properties which were not fulfilled were water absorption and sulphate content. 
EXPERIMENTAL SET-UP 217

Products and dosages 218
Four different types of elements were prepared: terrazzo for indoor use, kerbstones, pavement 219 blocks and hollow tiles. 220
Terrazzo tiles were prepared as a two-layer unit measuring 40x40x3.5 cm. Hollow tiles 221 measured 60x25x50 cm. Kerbstones measuring 9x12x25 cm dimensions and 50 cm long were 222 prepared. Lastly, paving blocks measured 20x20x6 cm. Kerbstones and paving blocks were also 223 prepared with the two-layer system. 224 A 2/6 fraction of RMA was used for terrazzos and hollow tiles. In terrazzos, it was used only in 225 the surface layer, whereas in hollow tiles it was used in the whole unit. A 5/12 fraction of RMA 226 was used for kerbstones and pavement blocks. A layer 23 cm thick was used in kerbstones, 227 whereas a 5 cm layer was used in the case of pavement blocks. 228
For all products, the initial dosage used was the one commonly used by the manufacturing 229 companies. It was used as a reference dosage and the rest of the dosages were obtained just 230 changing of 25%, 50%, 75% or 100% of the volume of natural aggregate by RMA. An 231 exception was the case of indoor terrazzos, where RMA replacements accounted for only 25%,M A N U S C R I P T
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All dosages are displayed in Table 4 . The nomenclature used to identify each concrete makes 234 reference to its type: concrete with recycled aggregates (HR), or traditional concrete (HT), 235 which is the non-structural type, kerbstones (KERB), pavement blocks (P), hollow tiles (H) or 236 terrazzo for indoor use (T). Lastly, substitution percentages of RMA are also displayed (0%, 237 25%, 50%, 75%, or 100%). 238 Table 4 During the production, it was checked that all the mixes had the same slump cone as the 245 reference concrete. Once all the products were made, they were sent directly to the curing 246 concrete areas from companies, where they remained for 28 days before being tested. 247
Terrazzos are formed by two layers: one from the surface and the one from the base. Both of 248 them are subjected to a process of vibration first and then a process of pressure. To produce the 249 surface layer, a fluid concrete is made (Fig. 2) . This concrete is poured into a mould, and later 250 the base surface is added. The base surface is a dry material with a rough finish. The difference 251 of water content level between both layers allows their union. The reason is that the base 252 absorbs the water excess from the surface layer in the processes of pressing and hardening. The 253 aggregate used for the production of the base layer is a 0/3 sand. Fractions used for the surface 254 layer are a 0/3 sand and a 2/6 coarse fraction. As the use of a recycled aggregate fine fraction 255 was ruled out at the beginning of the study, 2/6 RMA was used only in the surface layer. 256 In addition, tests were made on day 360 in order to determine the water absorption of pavement 281 blocks, kerbstones, terrazzos and hollow tiles according to the UNE EN 1340, UNE EN 13748-282 1 and UNE EN 1338 standards, respectively (this procedure was also used to determine the 283 absorption of hollow tiles). 284
Resistance to abrasion and slipping were determined in kerbstones, pavement blocks, and 285 terrazzos at 360 days, following the procedure described in the UNE EN 1340, UNE EN 1338, 286 UNE EN 13748-1 standards, respectively. In the case of kerbstones and pavement blocks, wear 287 resistance (abrasion), as well as slipping resistance, was determined in the inner face where 288 recycled aggregates had been used. The outer surface was not tested since RMA were not used 289 in that part. Concrete density was determined according to the UNE EN 12390-7 standard 290 (AENOR, 2001).
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Each test was performed on four samples at 28, 90 and 180 days, and on six samples at day 360. 294
The presented results are the mean values of all the measurements. 295
Lastly, mercury intrusion porosimetry (MIP) was used to analyse porosity and the pore network 296 structure of some of the samples. This technique was only used in concretes used for the 297 terrazzos, in order to explain the differences between the results of the water absorption test and 298 the results for the rest. An AUTOPORE IV porosimeter from Micromeritics was used. It has 299 been widely explained in the literature (Cabeza et al., 2002 ). Two samples were tested to check 300 the repeatability of the measurement. 301 As could be expected, the increase of recycled aggregate causes a loss of resistance. However, 315 in the case of pavement blocks and kerbstones, produced with 5/12 coarse fraction, strength 316 decreases only when more than 50% of the aggregate is replaced by RMA. 317
In the case of pavement blocks, the resistance decreases at day 90 is 25%, 21% and 29.5% for 318 substitutions of 50%, 75% and 100%, respectively (Fig. 6) . For a 25% replacement of natural 319 aggregate by RMA, values show an increase of strength at some stages (day 28, 180, and 360). 320
This could be because of a higher percentage of hydrated cement, caused by higher water 321 content. Vibro-compressed concretes usually have very low water content, and a small excess of 322 water could affect the strength positively. As regards pavement block cross-sections (Fig. 10) , 323 the higher compaction of the elements, and the lower porosity for HR-P-25% is visible at naked 324
eye. 325
Minimum values of compressive resistance, required by UNE EN 1338 for pavement blocks 326 The data analysis shows that the loss of flexural strength is, in the case of kerbstones, aboutM A N U S C R I P T
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However, 25% substitution does not cause any loss of resistance. The same was observed in 331 another study (Guzmán, 2010) , where substitutions up to 50% of RMA (5/10 fraction) caused 332 loss of resistance below 10%. The main composition of RMA used in that study consisted of: 333 51% unbound aggregate, 18.5% ceramic materials, 25% concrete. In another study (López 334
Gayarre et al., 2013), 0/12 fraction of RMA (composition: 1.33% asphalt, 17.67% ceramic 335 material, 9.33% concrete, 69% unbound aggregate, 2.67% other components) was used to 336 produce kerbstones. In that study, flexural strength was only affected with RMA substitutions 337 beyond 70%. A loss of 34% in strength with a 100% RMA substitution was observed, which is 338 similar to the value obtained in our study. In another study (Kou et also used to produce hollow tiles, the authors concluded that hollow tiles can be obtained by 378 100% recycled agreggate, since the requirements described in the UNE EN 15037-2 standard 379 are fulfilled. 380
In terrazzos for indoor use, the flexural strength after 90 days decreased on a percentage of 12%, 381 14% and 25.5%, for substitution degrees of 25%, 50% and 75%, respectively (Fig. 9) . showed a higher resistance loss compared with flexural strength results (Fig. 11) . The decrease, 389 in percentage terms, on day 90 was 34%, 35% and 44%, corresponding to the substitutionM A N U S C R I P T
percentages of 25%, 50% and 75%, respectively. These differences among results are justified 391 because the most resistant part of the terrazzos is the base layer, which is formed by dry 392 concrete. Thus, the surface layer, made with fluid concrete and where RMA were used, has less 393 influence on flexural strength in terrazzos. C o m p r e s s i o n s t r e n g t h i n t e s t t u b e s t e r r a z z o s , M P a A g e , d a y s
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395 Fig. 11 . Results for compression strength in terrazzo samples. Time evolution. 396
397
If the evolution of strengths for different precast elements is analysed, it can be observed that 398 decrease of strength caused by the use of RMA is higher after 28 than after 360 days, for 399 substitution percentages of 75% and 100%, in the case of pavement blocks. In kerbstones, the 400 compressive resistance decreases more after 28 days than after day 360 for RMA substitutions 401 of 25%, 50% and 100%. The same result is observed for all substitution percentages in the case 402 of hollow tiles and terrazzos, with the exception of substitution of 75% in terrazzos. This 403 confirms that the acquisition of strength is slower if RMA is used. This phenomenon was 404 observed by other authors (Mas et al., 2012a (Mas et al., , 2012b . As regards the fine content of recycled 405 fractions of 2/6 (hollow tiles and terrazzos) and 5/12 mm (pavement blocks and kerbstones), the 406 M A N U S C R I P T
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produced with RMA fine fractions is slower, because it could retain some non-hydrated cement 409 mixed with fine. The same result was reported in Evangelista and de Brito (Evangelista and de  410 Brito, 2007), where concrete recycled fine aggregates were used, and it was observed that the 411 mixtures with substitution percentages of 30 and 100% showed increasing resistance after 28 412 days, whereas the reference concrete stabilised the value of the resistance. In another study (Kou 413 et al., 2011), where concrete recycled aggregates were mainly used, increases in compressive 414 strength and tensile strength after five years were higher for recycled aggregate concretes than 415 for natural aggregate concretes. According to the authors, recycled aggregate from concrete 416 enhances the microstructure of the aggregate-mortar joint area. This effect has been recently 417 reported by studying the microstructure of concrete produced using C&DW (Bravo et al, 2016) . 418
The work shows the influence of the nature of the recycled aggregate on the microstructure, and 419 the water absorption of concretes, and in the case of using fine aggregates. On the other hand, 420 coarse aggregates can, during the mixing process, absorb water. It is well known that the self-421 curing mechanism in concrete has some relation with the absorption and gradual liberation of 422 water (Dhir et al., 1998; El-Dieb, 2007) , the hydration level increases. It is possible that the 423 excess of water absorbed by the recycled aggregate included in the mix was released gradually. 424
This would increase the amount of hydrated cement, and, therefore, allow concrete to have a 425 slower gradual acquisition of mechanical resistance. Both hypotheses are possible but it is 426 difficult, given the present results, to decide which is the more accurate. The determination of 427 the mechanism that causes this resistance increase should be studied with other techniques and 428
was not an objective of this study. 429
Once all the mechanical resistance have been analysed, it is possible to say that using C&DW 430 with higher quantity of unbound aggregates can be used at industrial scale, and no important 431 loose of resistance will happen in most elements excepting terrazzo until one year. The result is 432 very promising because it opens the field of the massive used (industrial scale) of C&DW inM A N U S C R I P T
In Fig. 12 , results of water absorption obtained after 360 days are presented. According to the 437 figure, water absorption in recycled concrete increases with substitution percentage of RMA. An 438 increase of 10%, 16.5%, 14% and 27% was measured for substitutions of 25%, 50%, 75% and 439 100%, respectively and in the case of pavement blocks. 440
HT-0% HR-25% HR-50% HR-75% HR-100% Water absorption in such precast elements is related to their climatic resistance. According to 445 the UNE EN 1338 standard for pavement blocks, all concretes can be tagged as number 2 ((≤6% 446 water absorption), except for those that contain 100% of recycled aggregate that should be 447 tagged as number 1. It has to be pointed out that the requirement of some climatic resistance for 448 pavement blocks depends on the country where the standard is used. 449
In kerbstones, a higher increase is produced for substitutions which are above 50%. Results 450
show an increase of 12%, 12.5%, 26% and 41% for substitution percentages of 25%, 50%, 75% 451 and 100%, respectively. 452
These results are concordant with the ones obtained by Guzman et al. (Guzmán, 2010) . The results on hollow tiles tests showed an increase of water absorption of 16%, 17%, 26% and 472 37.5% for substitution percentages of 25%, 50%, 75% and 100%, respectively (Fig. 12) . 473
Results for terrazzos show a different behavior from the rest of the precast elements. The 474 increase of water absorption in terrazzos is only noticeable in substitution percentages higher 475 than 75%. In order to analyse the reason for these results, porosimetry measurements were made 476 of samples obtained from the layer of terrazzos prepared with RMA. The surface layer was 477 analysed, as it is the one that can absorb water. In this case, it was also the surface layer that 478 contained RMA (Fig. 13) . Lastly, if UNE EN 13748-1 is revised, the maximum absorption from terrazzos must be 8%.
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Abrasive resistance of pavement blocks and kerbstones is similar to the resistance of reference 500 concretes up to substitution percentages of 75%. Resistance to the abrasion decreases for 501 substitution percentages of 100% (Table 5) 
In general, the results obtained are promising, and they show that non-structural precast 533 concrete wall units, such as pavement blocks, kerbstones and hollow tiles, can be made by 534 adding RMA and using the same techniques and procedures as the ones used with these kinds of 535 products. In kerbstones, pavement blocks and terrazzos, dimensional tolerances were fulfilled 536 on days 28 and 360. After day 360, no superficial cracks appeared. This aspect is essential, since 537 elements produced at industrial scale seem to have good properties even after one year. This 538 means that RMA could be introduced in the industry, being able to guarantee the performance 539 of the elements. 540 541
CONCLUSIONS 542
The following conclusions can be drawn from this experimental study: 543 -RMA presents higher water absorption than natural aggregates. This influences the 544 production methodologies, the water absorption in produced concretes and the mechanical 545 resistance. 546 -Essential properties of pavement blocks, kerbstones and hollow tiles are retained until an 547 RMA substitution percentage of 25% is reached. The surface of terrazzos with RMA is not 548 as good as the surface of natural aggregates. 549 -Generally, the increase of recycled aggregate ratio causes a decrease of mechanical 550 resistance for both 2/6 and 5/12 fractions. 551 -These losses of resistance because of the use of RMA are higher at day 28 than day 360 for 552 most of the substitution percentages. This confirms that acquisition of resistance is slower 553 with the addition of RMA. This is possibly because of the presence of non-hydrated cement 554 mixed with RMA fine aggregates. Another hypothesis is that a self-curing effect could be 555 produced because of the initial water absorption that recycled aggregates commonly suffer. 
